We report the first results of the MUSIC project. It consists of two data sets of resimulates clusters extracted from two large dark matter only simulations: Marenostrum Universe and Multidark. In total, the MUSIC contains more than 400 clusters resimulated with high resolution both with radiative and non-radiative physics included. Here we present the first results on the properties of the baryon content and the Sunyaev Zeldovich scaling relations.
MUSIC Datasets
The first dataset is composed of 164 resimulated clusters extracted from the MareNostrum (MN) Universe. The MN Universe (Gottlober et al. 2006 ) is a non radiative SPH cosmological simulation of a 500 Mpc h −13 cubic box with WMAP1 cosmological parameters (Ω Λ = 0.7, Ω M = 0.3, Ω b = 0.045, h = 0.7, σ 8 =0.9 and a slope of n = 1 for the initial power spectrum). It contains a total of 2 × 1024 3 particles equally divided between dark matter and gas. We selected for resimulation a total of 82 relaxed clusters and 82 bullet-like clusters and using GADGET (Springel 2005) ,with 8 times more particles (m DM = 1.03×10 9 h −1 m ⊙ and m gas = 1.82×10 8 h −1 m ⊙ ) and adding radiative physics (i.e. cooling, UV photoionization, star formation and galactic winds and SN thermal and kinetic feedbacks). The second dataset is composed of the 282 more massive (most of them with a mass M >10 15 h −1 m ⊙ at z = 0) galaxy clusters extracted from the MultiDark (MD) simulation. The MD simulation is an ART dark matter only simulation performed by Anatoly Klypin at NAS Ames, containing about 8.6 billion particles in a (1 Gpch −1 ) 3 volume that was performed using WMAP5 cosmological parameters (Ω Λ = 0.73, Ω M = 0.27, Ω b = 0.0469, h = 0.7, σ 8 =0.82 and n = 0.95). We resimulated them with 8 times more particles in a region of 6 Mpc centred around each object at z=0. We added SPH gas particles in the high resolution area and run them including radiative (as in the case of the MN dataset) and non-radiative physics. The mass resolution is m DM = 9.01×10 8 h −1 m ⊙ and m gas = 1.8×10 8 h −1 m ⊙ (Klypin et al. 2001) . In many of the resimulation areas we often found more than one cluster. Thus, the total number of resimulated clusters we finally compiled was over 500 with M > 10 14 m ⊙ . The two datasets have now joined to form the MUSIC (MareNostrum-MUltidark SImulation of galaxy Clusters) project.
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Baryon properties in simulated galaxy clusters
We analyzed some of the internal properties of the clusters. We mainly focused on the baryon properties, in order to see how relevant is the effect of overcooling on the clusters simulated with radiative physics. Overcooling is an hot topic of cluster simulations (Kravtsov et al. 2005) : the huge star formation rate in the cluster center implies a star fraction larger than the observed one. We studied the behavior of a set of cluster properties (total mass, gas and star mass, baryon , star and gas fraction) at six different overdensities ranging from ∆ = 200 to ∆ = 2500, where ∆ is the ratio between cluster density and local critical density. These two limit values correspond to an overdensity (∆ = 200) at which the cluster mass well approximates the virial mass and a value (∆ = 2500) often referred in X-ray observations allowing us to study the effect of overcooling. We also analyzed the dataset at five different redshifts (from z = 0 to z = 0.43) in order to study the effect of cluster evolution. We define the overdensity radius as the radius of the sphere within which the average density of the cluster is ∆ times the critical density:
The critical density is defined as ρ c (z)=3H 0 2 E(z) 2 /8π G depending on the assumed cosmology. We calculated the gas fraction as f gas ≡ M gas /M T OT ; similarly, the star and baryon fraction as f star ≡ M star /M T OT and f bar ≡(M star +M gas )/M T OT . Figures 1 and 2 show the baryon, gas and star fractions along the redshift for clusters of the MD dataset simulated with radiative physics at two different overdensities. In fig. 1 ∆ = 500 and the mean values agree very well with observations : the baryon fraction is close to the critical ratio Ω b /Ω m as expected and the gas fraction is about twice bigger than the star fraction. In fig.2 ∆ = 2500 the effect of overcooling (when the clusters are less evolved). The radiative clusters of MN dataset show a similar behavior but, being the masses smaller than those of MD dataset, the effect of overcooling is slightly stronger and the star fraction higher. On the other hand, morphology seems not to affect the baryon properties. Non-radiative clusters are obviously not affected by overcooling and the mean gas fraction approaches the critical ratio as we move towards ∆ = 200.
SZ scaling relations
The integrated brightness of the thermal component of the Sunyaev-Zel'dovich effect (SZ) (Sunyaev & Zeldovich 1970) , Y, is one of the strongest proxy to estimate the mass of galaxy clusters.Y is the integration over the solid angle subtended by the cluster Ω of the Compton-y parameter defined as the integration of the electronic pressure along the line of sight. We studied the Y-M scaling relation of our simulated cluster sample to check it and compare it with other simulations, theory and observations. Under the assumption of an isothermal model the integrated Y is proportional to the integral of the electron density n e :
where T e is the electronic temperature and D A the angular distance If we assume that cluster formation is driven by a spherically gravitational processes mainly due to the Author's Final Checklist 3 Figure 1 . Baryon (squares), gas (diamonds) and star (triangles) fraction vs redshift at overdensity ∆ = 500 of MD clusters resimulated with non-adiabatic physics Figure 2 . Baryon (squares), gas (diamonds) and star (triangles) fraction vs redshift at overdensity ∆ = 2500 of MD clusters resimulated with non-adiabatic physics dark matter component with baryons and dark matter in hydrostatic equilibrium (Kaiser 1986) we find a scaling relation based on self-similarity :
where E(z) is the scale evolution. If we study this scaling relation in the log space, in the form log(Y) = Alog(X)+B we expect a slope A = 5/3 = 
where h i is the smoothing length of the particle and W the particle kernel, |r-r cdm | the position of SPH the particle respect to the centre of mass. All Y-M scaling relations, independently from physics, redshift or overdensity, showed a slope at least very close to the expected value of A = 1.66 (see fig.3 ) Concluding, we analyzed two datasets of clusters for a total of more than 600 objects simulated with high resolution and both radiative and non-radiative physics. The effect of overcooling becomes relevant only at high overdensities and the Y-M scaling relations show a very good agreement with a self-similar model.
